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(54) Active medical apparatus system

(57) An active medical apparatus system includes:
an active medical apparatus having a joint; an active
medical apparatus driving section; an instruction input
section; an instruction input section driving section to
which information of a force acting on the active medical
apparatus is fed back and inputted, and which drives the
instruction input section according to the information of
force, a determining section which determines whether

or not a movement of the instruction input section in the
acting direction of the driving force driving the instruction
input section is generated in an amount of a threshold
value or more; and a control section which, when the
movement of the instruction input section is generated
in the amount of the threshold value or more, suppresses
at least one of the driving in the instruction input section
driving section and the driving in the active medical ap-
paratus driving section.
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to an active med-
ical apparatus system, in which an active medical appa-
ratus is driven on the basis of an instruction signal from
an instruction input section. More particularly, the active
medical apparatus system relates to an electric bending
endoscope which has a flexible bending section and
which is electrically driven by the instruction signal of the
instruction input section, an active treatment instrument
which has a joint that can be curved or bent, or an active
overtube which has a bendable bending section.

2. Description of the Related Art

[0002] In recent years, an endoscope has been widely
used in a medical field and an industrial field. In the med-
ical field, a treatment instrument is also widely used in
combination with an endoscope.
[0003] As the endoscope used as such medical appa-
ratus, there are practically used an endoscope in which
a bending section is bent by a manual operation, and a
so-called electric bending endoscope in which the bend-
ing section is electrically driven and bent by a driving
force of a motor.
[0004] Also, as the treatment instrument, there is
known a so-called active treatment instrument in which
a curvable or bendable joint provided on the distal end
side of the treatment instrument is electrically driven by
a driving force of a motor.
[0005] For example, an electric bending endoscope is
disclosed in Japanese Patent Application Laid-Open
Publication No. 2007-185355.
[0006] In the electric bending endoscope disclosed in
Japanese Patent Application Laid-Open Publication No.
2007-185355, a control section rotationally drives a mo-
tor as a driving section via a motor driver on the basis of
an instruction inputted by an operation of a joystick (in-
struction operation section) by an operator, so that the
rotating motor pulls a bending wire so as to thereby drive
and bend a bending section provided in an insertion sec-
tion of the endoscope. Further, the electric bending en-
doscope has a so-called force sense feedback function
in which the bending state of the bending section is de-
tected by a bending state detecting section, and in which
according to the bending state, a reaction force is gen-
erated by a servo motor in the tilting direction of the joy-
stick.
[0007] However, as described in Japanese Patent Ap-
plication Laid-Open Publication No. 2007-185355, in the
state where the force sense feedback is made to function,
when the operator releases the hand from the joystick,
the joystick is abruptly moved in the direction in which
the force sense feedback is applied (that is, in the direc-

tion in which the joystick is moved by the servo motor),
and the bending section is also abruptly moved according
to the abrupt movement of the joystick. As a result, an
operation which is not intended by the operator is per-
formed.
[0008] For this reason, when such unintended opera-
tion can be effectively suppressed, it is possible to pro-
vide a desirable system which is conveniently used or
efficiently operated by the operator.
[0009] In other words, in the system having the force
sense feedback function, there is desired a system which
is capable of, in such a case where the operator releases
the hand from the instruction input section, suppressing
the electric bending endoscope, the active treatment in-
strument, the active overtube active medical apparatus,
and the like, from being moved by the feedback in a di-
rection which is not intended by the operator.

SUMMARY OF THE INVENTION

[0010] The present invention has been made in view
of the above described circumstances. An object of the
present invention is to provide, in the active medical ap-
paratus system in which force information is fed back, a
system which is capable of, when movement in an
amount of a predetermined threshold value or more is
generated in a direction which is not intended by the op-
erator, suppressing the movement.
[0011] An active medical apparatus system according
to the present invention includes:

an active medical apparatus having at least one ro-
tatable joint;
an active medical apparatus driving section which
electrically drives the active medical apparatus;
an instruction input section with which an operator
to perform instruction input to drive the active med-
ical apparatus;
an instruction input section driving section to which
information of a force acting on the active medical
apparatus is fed back and inputted, and which elec-
trically drives the instruction input section according
to the information of the force;
a determining section which determines whether or
not a movement of the instruction input section in an
acting direction of a driving force driving the instruc-
tion input section is generated in an amount of a pre-
determined threshold value or more; and
a control section which, in a case where the move-
ment of the instruction input section is generated in
the amount of the threshold value or more, suppress-
es at least one of the driving by the instruction input
section driving section and the driving by the active
medical device driving section.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012]
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Fig. 1 is a perspective view showing an appearance
of a treatment instrument system of an embodiment
1 according to the present invention;
Fig. 2 is a figure showing an internal configuration
of the treatment instrument system of embodiment 1;
Fig. 3 is a block diagram showing an exemplary con-
figuration of a control system used at a normal time
in embodiment 1;
Fig. 4 is a flow chart showing a processing procedure
of embodiment 1;
Fig. 5 is a block diagram showing an exemplary con-
figuration of the control system used at a specific
time in embodiment 1;
Fig. 6 is a figure explaining an operation in embod-
iment 1;
Fig. 7 is a block diagram showing a force feedback
type bilateral control system as another exemplary
configuration of the control system at the normal
time;
Fig. 8 is a block diagram showing a symmetric type
bilateral control system as another exemplary con-
figuration of the control system at the normal time;
Fig. 9 is a block diagram showing a parallel type bi-
lateral control system as another exemplary config-
uration of the control system at the normal time;
Fig. 10 is a perspective view showing an appearance
of a treatment instrument system of embodiment 2
according to the present invention;
Fig. 11 is a perspective view showing an appearance
of a treatment instrument system as a modification
of the embodiment 2;
Fig. 12 is a perspective view showing a configuration
of a treatment section;
Fig. 13 is a figure showing a configuration of an en-
doscope system of embodiment 3 according to the
present invention;
Fig. 14 is a block diagram showing an exemplary
configuration of a control system used at the normal
time in embodiment 3; and
Fig. 15 is a flow chart showing a processing proce-
dure of embodiment 3.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0013] In the following, embodiments according to the
present invention will be described with reference to the
accompanying drawings. Note that the term ’suppress-
ing’ based on determination, which term is used in the
specification, means that the operation of the instruction
input section by the instruction input driving section, as
will be described below, and the operation of the active
medical apparatus, which follows the operation of the
instruction input section, are regulated so that the move-
ment due to the operations is reduced or stopped so as
to be limited within a movement amount intended by the
operator.

(Embodiment 1)

[0014] The present embodiment as shown in Fig. 1 to
Fig. 9 is configured by a treatment instrument having an
active mechanism.
[0015] The treatment instrument system 1 of embodi-
ment 1 according to the present invention, as shown in
Fig. 1, includes: an instruction input section 2 which has
a movable section and which is used by an operator,
such as a surgeon, to perform an instruction input (or
instruction operation); an instruction input section driving
section 3 which electrically drives the instruction input
section 2; a treatment section 4 in which there is formed
an active medical apparatus having a movable section
for performing treatment; a treatment section driving sec-
tion 5 which electrically drives the treatment section 4
according to the instruction input by the instruction input
section 2; and a control section 6 which performs drive
control of the instruction input section driving section 3
and the treatment section driving section 5.
[0016] In the embodiment shown in Fig. 1, the instruc-
tion input section 2 is configured to have an instruction
input active medical apparatus whose shape is substan-
tially similar to or analogous to the shape of an active
medical apparatus which configures at least a movable
section in the treatment section 4.
[0017] Specifically, the treatment section 4 has, as a
movable section for performing treatment, an active med-
ical apparatus structure in which circular pipe-shaped
joint pieces (or arms) 11, 11 and 11 are provided so as
to be rotatable around joint shafts 11a, 11b and 11c, re-
spectively.
[0018] Similarly, the instruction input section 2, with
which the operator performs an instruction operation to
the treatment section 4, also has circular pipe-shaped
joint pieces 11’, 11’ and 11’ which serve as movable sec-
tions for performing the instruction input operation, and
which are respectively configured so as to be rotatable
around the joint shafts 11a’, 11b’ and 11c’, and the like.
[0019] When the operator grasps the side of the in-
struction input section 2 and performs the instruction in-
put operation, specifically, an operation of the respective
joint pieces by rotating the joint shafts 11a’, 11b’ and 11c’,
then the joint shafts 11a, 11b and 11c on the side of the
treatment section 4 are also driven by the control of the
control section 6 so as to effect the position and attitude
of the treatment section 4, which correspond to the po-
sition and attitude of the instruction input section 2.
[0020] For this reason, when the instruction input sec-
tion 2 is regarded as a master for an active medical ap-
paratus (master), the treatment section 4 can be regard-
ed as the active medical apparatus (slave).
[0021] Further, when the master is grasped and oper-
ated by the operator so as to bring the active medical
apparatus into desired position and attitude states, the
active medical apparatus can be set to the same position
and attitude states as those of the master in such a man-
ner that the active medical apparatus is driven by the
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treatment section driving section 5 under the control of
the control section 6 so as to follow the position and at-
titude of the master.
[0022] Fig. 2 shows an internal configuration of the
treatment instrument system 1. Note that joint shafts (ro-
tary shaft) 11a to 11c, 11a’ to 11c’, and the like, are sche-
matically shown in Fig. 2.
[0023] As described above, the treatment section 4
and the instruction input section 2 have the plurality of
joint shafts 11a to 11c and the plurality of joint shafts 11a’
to 11c’, respectively.
[0024] Specifically, as shown in Fig. 2, when the paper
surface is set as the X-Y plane, the most distal end joint
shaft (rotary shaft) 11a is set in the Z-axis direction ver-
tical to the paper surface, and a next joint shaft 11b is
set in the Y-axis direction in the paper surface. Further,
a next joint shaft 11c is set in the Z-axis direction vertical
to the paper surface.
[0025] Note that the joint shafts 11a’ to 11c’ on the
other side are set similarly to the case of the joint shafts
11a to 11c.
[0026] Further, wires 12a, 12a; 12b, 12b; 12c, 12c,
which transmit the force for rotationally driving the re-
spective joint shafts 11a to 11c, are inserted in (the joint
pieces 11 of) the treatment section 4, (see Fig. 12 show-
ing a similar specific configuration as will be described
below).
[0027] The distal ends of the wires 12i and 12i (i = a
to c) are fixed around the joint shaft 11i, while the rear
ends of the wires 12i and 12i are fixed by being hooked
or wound around a pulley 13i in the treatment section
driving section 5.
[0028] Further, the pulley 13i is attached to a rotary
shaft of a motor 14i as a driving section (or power section).
To the rotary shaft of the motor 14i, there is attached, for
example, a rotary encoder (hereinafter abbreviated sim-
ply as encoder) 15i serving as a position sensor for de-
tecting an angle of rotation (rotation angle) of the rotary
shaft. Note that a gear (not shown) is usually attached
to the motor 14i.
[0029] The each motor 14i is rotated by receiving a
drive signal from each motor driver 16i.
[0030] Further, on the rear end side of the wires 12i
and 12i, there are attached tension sensors 17i and 17i
which detect the force acting on the respective wires 12i
and 12i, in other words, the force (torque) for rotating the
joint piece around the joint shaft 11i. Note that the posi-
tions at which the tension sensors 17i and 17i are pro-
vided are not limited to the vicinity on the rear end side
of the wires 12i and 12i, and there may be selected ar-
bitrary positions at which the tension sensors 17i and 17i
can be attached. Further, the sensor attached to the wire
is not limited to the tension sensor, and any sensor, such
as a pressure-sensitive sensor and a distortion sensor,
can be suitably used as long as the sensor is capable of
directly or indirectly detecting the tension.
[0031] Further, the force information based on the sig-
nal detected by the tension sensor 17i and the position

information based on the signal detected by the encoder
15i are inputted into a CPU 21 which configures the con-
trol section 6. The CPU 21 controls the rotation of the
motor 14i via the motor driver 16i.
[0032] Further, the configuration of the instruction in-
put section 2 is the same as that of the treatment section
4, and hence the components of the instruction input sec-
tion 2 are represented by attaching the mark’ to the com-
ponents of the treatment section 4.
[0033] Further, the configuration of the instruction in-
put section driving section 3 is the same as the configu-
ration of the treatment section driving section 5 except
that the tension sensors 17i provided in the treatment
section driving section 5 are not provided. Thus, the com-
ponents of the instruction input section driving section 3
are represented by attaching the mark’ to the compo-
nents of the treatment section driving section 5.
[0034] To the CPU 21 which configures the control sec-
tion 6, there are inputted, as position information, signals
detected by encoders 15a’ to 15c’ which can detect the
instruction input operation of the instruction input section
2 performed by the operator.
[0035] That is, the rotation directions and angles of ro-
tation (defined as rotation angles) of the joint shafts 11a’
to 11c’ which are operated by the operator (and which
configure the master) are detected by the encoders 15a’
to 15c’. The encoder output signals are inputted into the
CPU 21 as detection signals. At this time, the CPU 21
compares the inputted encoder output signals with the
detection signals from the encoders 15a to 15c that re-
spectively detect the rotation angles of the joint shafts
11a to 11c which are located on the side of the treatment
section 4 (that is, which configure the active medical ap-
paratus).
[0036] Then, the CPU 21 generates detection signals
of difference values obtained by respectively subtracting
the detection signals from the encoders 15a to 15c from
the detection signals from the encoders 15a’ to 15c’, and
sets the obtained difference values as instruction values
for driving the treatment section 4, so as to rotate the
joint shafts 11a to 11c via the motor drivers 16a to 16c.
[0037] Thereby, the position and attitude of the treat-
ment section 4 are controlled so as to follow the position
and attitude of the instruction input section 2.
[0038] In the present embodiment, the force applied
to effect the rotation around each of the joint shafts 11a
to 11c is detected by each of the tension sensors 17a to
17c, and the detection signals are also inputted as force
information into the CPU 21.
[0039] Then, the CPU 21 feeds back the detection sig-
nals so as to drive the joint shafts 11a’ to 11c’ via motor
drivers 16a’ to 16c’. In this way, force information feed-
back means is formed so that the forces acting on each
of the joint shafts 11a to 11c are reflected on each side
of the joint shafts 11a’ to 11c’. Note that it may also be
configured such that in the case of performing the feed-
back, a gain, and the like, as control parameters, can be
variably set beforehand. Note that as an specific example
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to suppress the driving of the instruction input section
driving section 3 and the treatment section driving section
5 on the basis of a result of determination by a determin-
ing section 21a, as will be described below, a method of
changing the control mode or a method of changing the
control parameter value may also be adopted in addition
to the method of stopping or reducing the driving of the
instruction input section driving section 3 and the treat-
ment section driving section 5.
[0040] When the force information is fed back in this
way, the force acting on the treatment section 4 is repro-
duced in the instruction input section 2 to the operator
who operates the instruction input section 2. Thereby,
the operability is improved so that the treatment can be
performed by the treatment section 4 in a state close to
the environment in which the treatment is directly per-
formed by the instruction input section 2.
[0041] Note that in the present embodiment, there are
provided the position sensor which detects the position
information on the side of the treatment section 4, and
the force sensor which detects the force information on
the side of the treatment section 4. However, when the
force information can be calculated by the position sen-
sor, the present embodiment may also be configured by
providing only the position sensor.
[0042] In the present embodiment, in order to further
improve the operability, the CPU 21 which configures the
control section 6 monitors always (as a specific example,
for each substantially fixed period) the force information
given to the instruction input section 2. More specifically,
the CPU 21 monitors the directions of the DC current
instruction values (directions of DC currents) supplied to
the motor drivers 16a’ to 16c’, and the amount of move-
ment of the instruction input section 2 at that time (spe-
cifically, the amount of movement per unit time, which is
obtained from the detection signals of the encoders 15a’
to 15c’).
[0043] By monitoring in this way, the CPU 21 is able
to have a function of the determining section 21a which
determines whether or not the direction of the force ap-
plied to the instruction input section 2 coincides with the
moving direction of the instruction input section 2, and
whether or not the amount of movement of the instruction
input section 2 exceeds a threshold value.
[0044] When it is determined by the determining sec-
tion 21a that the acting direction of the driving force co-
incides with the direction of the movement amount of the
instruction input section 2, and that the amount of move-
ment exceeds the threshold value, the CPU 21 changes,
for example, the control state of the control system.
[0045] Note that when such determination is per-
formed, the determination, in the present embodiment,
is independently performed for each of the plurality of
joint shafts 11a’ to 11c’.
[0046] That is, the determination is performed similarly
to the case of a treatment instrument having only one
joint shaft, and thereby the determination can be applied
similarly to the case of the plurality of joint shafts.

[0047] There are several specific examples of chang-
ing the control state. Basically, however, the control state
of the control system is changed to a control state to
suppress the movement of the instruction input section
2 at the time when it is determined by the determining
section 21a that the movement amount of the instruction
input section 2 exceeds the threshold value.
[0048] Further, in the case where the determination
that the movement amount exceeds the threshold value
is outputted by the determining section 21a, the CPU 21
displays the state of the movement amount exceeding
the threshold value by a display section 22 serving as a
presentation section for presenting the determination in-
formation as shown in Fig. 2, and also performs audio
notification by using a loudspeaker 23.
[0049] Further, when obtaining the determination that
the movement amount exceeds the threshold value, the
CPU 21 starts a timer (not shown), so as to restore the
control state to the normal control state after the lapse
of a fixed time.
[0050] Fig. 3 is a block diagram of a force reflecting
type bilateral control system as an exemplary configura-
tion of a control mode of the control system, which is
used (at the normal time) in the present embodiment.
[0051] Note that an instruction input section control
section 3’ in Fig. 3 is shown by including the instruction
input section driving section 3 in Fig. 2 and a part of the
mechanism of the control section 6, which directly con-
trols the instruction input section driving section 3. Sim-
ilarly, a treatment section control section 5’ is also shown
by including the treatment section driving section 5 in Fig.
2 and a part of the mechanism of the control section 6,
which directly controls the treatment section driving sec-
tion 5.
[0052] Further, position information determined by ro-
tation angles of the plurality of joint shafts 11a’ to 11c’ in
Fig. 2 is generally referred to as position information Xm
of the instruction input section 2 in Fig. 3, and position
information determined by rotation angles of the plurality
of joint shafts 11a to 11c in Fig. 2 is generally referred to
as position information Xs of the treatment section 4 in
Fig. 3. Similarly, information of the forces acting on the
plurality of joint shafts 11a’ to 11c’ is also represented by
force information Fs of the treatment section 4 in Fig. 3.
In the force reflecting type bilateral control shown in Fig.
3, the position information Xm generated by the input
instruction given to the instruction input section 2 is sub-
tracted by the position information Xs of the treatment
section 4, and the subtracted position information (Xm -
Xs) is sent to the treatment section control section 5’.
The treatment section control section 5’ performs position
control of the treatment section 4 on the basis of sub-
tracted position information (Xm - Xs).
[0053] Further, the force information Fs applied to the
treatment section 4 is sent to the instruction input section
control section 3’. The instruction input section control
section 3’ performs force control (driving) of the instruc-
tion input section 2 on the basis of the force information
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Fs.
[0054] Next, a processing procedure including the de-
termination by (the determining section 21a of) the CPU
21, according to the present embodiment, will be de-
scribed with reference to Fig. 4.
[0055] When the power source of the treatment instru-
ment system 1 shown in Fig. 2 is turned on, the treatment
instrument system 1 starts a control operation in (a con-
trol mode of) the predetermined control system, as shown
in step S1. Specifically, the CPU 21 starts a control op-
eration in the control mode based on the force reflecting
type bilateral control system shown in Fig. 3, that is, in
the force reflecting type bilateral control mode.
[0056] In next step S2, the CPU 21 is set in the process-
ing state to wait for the force to be made to act around
the joint shafts 11a to 11c of the treatment section 4 (to
wait for detection signals of the tension sensors 17a to
17c). Then, when detecting the action of the force, the
CPU 21 supplies current instruction values correspond-
ing to the force to the motor driver 16j’ as shown in step
S3.
[0057] Here, the motor driver 16j’ receives the current
instruction value corresponding to the signal detected by
the tension sensor 17i of the tension sensors 17a to 17c.
Further, the current instruction value includes the direc-
tion in which a motor 14j’ is rotated.
[0058] Note that when the action of the force around
the plurality of joint shafts is detected, the control oper-
ation shown in Fig. 4 is independently performed to each
of the joint shafts.
[0059] Then as shown in step S4, the motor 14j’ driven
by the motor driver 16j’ supplies the force to effect the
rotation around the corresponding joint shaft 11j’.
[0060] Further, as shown in step S5, the CPU 21 mon-
itors the rotation angle of the joint shaft 11j’ of the instruc-
tion input section 2 on the basis of the detection signal
of the encoder 15j’.
[0061] Then, as shown in step S6, the CPU 21 deter-
mines whether or not the direction of the force (driving
force) to rotate the joint shaft 11j’ coincides with the di-
rection of movement (detected in the preceding step S4).
When the directions are not coincident with each other,
the CPU 21 returns to step S2.
[0062] On the other hand, when determining that the
directions are coincident with each other, the CPU 21
determines, in next step S7, whether or not the amount
of movement (movement amount) exceeds a predeter-
mined threshold value. In other words, the CPU 21 de-
termines whether or not movement in the acting direction
of the driving force driving the instruction input section 2
is generated in an amount exceeding the predetermined
threshold value.
[0063] When the movement amount does not exceed
the threshold value, the CPU 21 returns to step 2. On the
contrary, when the movement amount exceeds the
threshold value, the CPU 21 suppresses, in step S8, the
operation of the power section (driving section) in the
control system, or changes the control mode to the other

control mode so as to suppress the operation of the power
section.
[0064] Specifically, the CPU 21 stops the operation of
both the power sections of the motors 14j’ and 14j, or
stops the operation of at least one of the power sections
of the motors 14j’ and 14j. Alternatively, in the case where
the control mode of the force reflecting type bilateral sys-
tem as shown in Fig. 3 is adopted in the control system
before the determination, the CPU 21 may change the
control mode of the force reflecting type bilateral system
to, for example, a control mode of an unilateral control
system, as a control mode at the specific time as shown
in Fig. 5, that is, an unilateral control mode.
[0065] In addition, for example, the CPU 21 may
change control parameters without changing the control
mode. For example, in the state where the force reflecting
type bilateral control mode shown in Fig. 3 is maintained,
the CPU 21 may change the control parameter used to
drive the instruction input section 2 from the instruction
input section control section 3’, and the control parameter
used to drive the treatment section 4 from the treatment
section control section 5’.
[0066] The change of the parameter in this case may
be performed so as to suppress (stop or reduce) at least
the driving of the instruction input section 2 and the driving
of the treatment section 4.
[0067] In the control mode of the unilateral control sys-
tem shown in Fig. 5, the instruction input section 2 is
separated from the instruction input section control sec-
tion 3’. The instruction input section 2 is not driven by the
instruction input section driving section 3’. That is, in the
control mode of the unilateral control system, the state
of the control mode is set such that the instruction input
section 2 is not driven even when force is made to act
on the treatment section 4, so as to be fed back as the
force information to the instruction input section control
section 3’.
[0068] In other words, in the control mode of the uni-
lateral control system, only the position control of the
treatment section 4 is performed by the input instruction
given to the instruction input section 2, and feedback
means of the force information is not provided.
[0069] For this reason, when the control mode is
changed to the control mode of the unilateral control sys-
tem according to the determination result (that the move-
ment amount exceeds the threshold value), then unin-
tended movement of the instruction input section 2 and
the treatment section 4 can be cancelled (and thereby
suppressed) as long as the operator does not actually
perform an input instruction to the instruction input sec-
tion 2.
[0070] Further, in this case, the determination result in
step S7 or the information in step S8 is notified to the
operator by the display section 22, and the like. Further,
in next step S9, the CPU 21 is set in the state to wait for
the elapse of the predetermined time on the basis of the
timer started by the determination result.
[0071] When the predetermined time elapses, the
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CPU 21 performs, as shown in step S10, processing to
restore the control state to the initial state (in other words,
to cancel the suppression) and returns to the processing
in step S2.
[0072] The operation in Fig. 4 will be supplementarily
explained with reference to Fig. 6. Note that in Fig. 6, the
right side of the treatment section 4 and the instruction
input section 2 is the distal end side. Further, there is
assumed a case where the operator (surgeon) inserts
the treatment section 4 into a body, and performs treat-
ment with the treatment section 4 by grasping with the
fingers the instruction input section 2 located outside the
body.
[0073] As described above, when the operator per-
forms an operation to move the instruction input section
2 around the joint shaft 11j’, for example, in the arrow A
direction by grasping the instruction input section 2 with
the fingers, then the treatment section 4 is also moved
in the same direction A around the joint shaft 11j so as
to follow the position information Xm.
[0074] In this case, when the force applied to effect the
movement around the joint shaft 11j is the force informa-
tion Fs, the force information Fs is fed back via the control
section 6, so as to be applied as force information Fm to
the joint shaft 11j’.
[0075] When the side of the treatment section 4 is
brought into contact with a wall surface 24 of, for example,
an internal organ, or the like, within the body, and when
the wall surface 24 hinders the rotation of the joint shaft
11j to generate reaction force Fs’, the reaction force Fs’
is also fed back, so as to be applied to the joint shaft 11j’
as reaction force information Fm’.
[0076] In the normal operation state, by the force feed
back, the operator is able to grasp (recognize), with the
fingers (hand) grasping the instruction input section 2,
the force Fs and the reaction force Fs’, which act on the
joint shaft 11j on the side of the treatment section 4, as
the force Fm and the reaction force Fm’. Thus, the oper-
ator is able to grasp the magnitude and direction of the
force also in the state where the side of the treatment
section 4 is brought into contact with the wall surface 24,
and hence the operability can be improved.
[0077] However, in the state where the reaction force
Fm’ is applied, for example when the operator carelessly
releases the hand from the instruction input section 2,
the force Fm generated by the operation by the operator
is eliminated.
[0078] For this reason, the side of the instruction input
section 2 is rapidly moved by reaction force information
Fm’ in the direction of the reaction force Fm’ (the direction
is indicated by the arrow C). Thereby, the position infor-
mation Xm of the movement is also applied, as the in-
struction input on the side of the instruction input section
2, to the side of the treatment section 4, so as to also
cause the side of the treatment section 4 to be rapidly
moved in the direction of the arrow C.
[0079] That is, there is caused a state where an unin-
tended operation is performed. However, the present em-

bodiment is configured such that the direction of the re-
action force applied to the instruction input section 2 in
this case and the movement of the instruction input sec-
tion 2 in the direction are monitored, and that when such
movement is generated and when the movement amount
exceeds the threshold value, the unintended operation
is suppressed in such a manner of stopping the operation
of the power section (or power source).
[0080] According to the present embodiment config-
ured to function in this way, an unintended operation can
be effectively prevented from being generated, and the
good operability can be maintained.
[0081] Further, such unintended operation is tempo-
rarily generated, and hence the operation state is re-
turned to the normal operation state after the lapse of the
predetermined time, so as to thereby enable the operator
to continue the control operation in the normal state of
good operability.
[0082] In the above description, the predetermined
control system at the normal time is described as the
force reflecting type bilateral control system shown in Fig.
3, but the present embodiment is not limited thereto. A
force feedback type bilateral control system as shown in
Fig. 7 may also be used.
[0083] The force feedback type bilateral control sys-
tem is configured such that in the force reflecting type
bilateral control system shown in Fig. 3, the force infor-
mation Fm applied to the instruction input section 2 is
further detected, and such that the force information (Fm
- Fs) obtained by subtracting the force information of the
treatment section 4 from the force information Fm is in-
putted into the instruction input section control section 3’.
[0084] In the force feedback type bilateral control sys-
tem, power assist is performed in such a manner that in
the force reflecting type bilateral control system, the force
information Fm applied to the instruction input section 2
is returned to the instruction input section 2, as described
above. Thus, the amount of operating force applied by
the instruction input section 2 is reduced, so as to enable
the operability to be improved.
[0085] Further, in the case where the force feedback
type bilateral control system is used as the predeter-
mined control system at the normal time, and where it is
determined in step S7 in Fig. 4 that the movement amount
exceeds the threshold value, the CPU 21 may, as de-
scribed in step S8, suppress the operation of the power
section of the control system or change the control mode
of the control system.
[0086] Specifically, also in the case of the control mode
of the force feedback type bilateral control system, the
CPU 21 stops the operation of both the motors 14j and
14j’, or, stops the operation of at least one of the motors.
Alternatively, the CPU 21 may change the control mode
to, for example, the control mode shown in Fig. 5.
[0087] Further, a symmetric type bilateral control sys-
tem shown in Fig. 8 may also be adopted as the prede-
termined control system at the normal time. The sym-
metric type bilateral control system is a control method
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in which the position information of the instruction input
section 2 is made to coincide with the position information
of the treatment section 4, and has an advantage that
the bilateral control can be realized without using the
force sensor.
[0088] That is, in the symmetric type bilateral control
system, the position information (Xm - Xs) obtained by
subtracting the position information Xs of the treatment
section 4 from the position information Xm of the instruc-
tion input section 2 is sent to the instruction input section
control section 3’ and the treatment section control sec-
tion 5’. In the instruction input section control section 3’
and the treatment section control section 5’, the position
control is respectively performed on the basis of the po-
sition information (Xm - Xs) so that the position of the
instruction input section 2 and the position of the treat-
ment section 4 are made to coincide with each other.
[0089] Also, in the case where the symmetric type bi-
lateral control system is used, and where it is determined
in step S7 in Fig. 4 that the movement amount exceeds
the threshold value, the CPU 21 may, as described in
step S8, suppress the operation of the power section of
the control system or change the control mode of the
control system.
[0090] Specifically, also in the case of the control mode
based on the symmetric type bilateral control system, the
CPU 21 stops the operation of both the motors 14j and
14j’, or stops the operation of at least one of the motors.
Alternatively, the CPU 21 may change the control mode.
[0091] It may also be configured such that a parallel
type bilateral control system shown in Fig. 9 is adopted
as the predetermined control system at the normal time.
In the parallel type bilateral control system, force infor-
mation (Fm - Fs) obtained by subtracting the force infor-
mation Fs of the treatment section 4 from the force infor-
mation Fm of the instruction input section 2 is inputted
into a position instruction generating section 25, so that
position information X as a position instruction is gener-
ated.
[0092] Further, in the parallel type bilateral control sys-
tem, position information (X - Xm) obtained by subtracting
the position information Xm of the instruction input sec-
tion 2 from the position information X as the position in-
struction is sent to the instruction input section control
section 3’. The instruction input section control section
3’ controls the instruction input section 2 on the basis of
the position information (X - Xm).
[0093] Further, position information (X - Xs) obtained
by subtracting the position information Xs of the treat-
ment section 4 from the position information X is sent to
the treatment section control section 5’. The treatment
section control section 5’ controls the treatment section
4 on the basis of the position information (X - Xs).
[0094] Also, in this case, when it is determined in step
S7 in Fig. 4 that the movement amount exceeds the
threshold value, the CPU 21 may, as described in step
S8, suppress the operation of the power section of the
control system or change the control mode of the control

system.
[0095] As described above, according to the present
embodiment, the movement which is not intended by the
operator can be suppressed, and the operability for the
operator can be improved.

(Embodiment 2)

[0096] Next, there will be described embodiment 2 ac-
cording to the present invention with reference to Fig. 10.
Fig. 10 shows a treatment instrument system 1B of em-
bodiment 2 according to the present invention. The treat-
ment instrument system 1 B is used in such a manner
that a treatment instrument main body 51 is inserted into
a channel provided in an insertion section 33 of an en-
doscope 32, which section is inserted into a body cavity.
[0097] The endoscope 32 includes the insertion sec-
tion 33 which is inserted into the body cavity, an operation
section 34 which is provided at the rear end of the inser-
tion section 33, and a universal cable 35 which is extend-
ed from the operation section 34. A connector located at
the end section (not shown) of the universal cable 35 is
detachably connected to a light source apparatus and a
signal processing apparatus.
[0098] The insertion section 33 includes a distal end
section 41 in which an illumination window and an ob-
servation window are provided, a freely bendable bend-
ing section 42 which is provided at the rear end of the
distal end section 41, and a long flexible section 43 which
extends from the rear end of the bending section 42 to
the operation section 34.
[0099] Further, a bending knob 44 for bending the
bending section 42 is provided in the operation section
34. Further, a treatment instrument insertion port (here-
inafter abbreviated simply as insertion port) 45 through
which a treatment instrument is inserted, is provided near
the front end of the operation section. The insertion port
45 communicates with the channel provided in the inser-
tion section.
[0100] In the present embodiment, the thin and elon-
gated treatment instrument main body 51 configuring the
treatment instrument system 1B is inserted from the in-
sertion port 45, and a treatment section at the distal end
side of the treatment instrument main body 51 is made
to project from the distal end opening of the channel so
that treatment can be performed to a treatment object
part.
[0101] The treatment instrument system 1B includes
the treatment instrument main body (or treatment instru-
ment) 51 at the distal end of which a treatment section
54 is provided, a motor box 55, as a power section, to
which the rear end of the treatment instrument main body
51 is connected, an instruction input section 52 with which
the operator performs an operation of instruction input,
a driver box 53 in which motor drivers for the instruction
input section 52 are housed, and a control apparatus 56
which controls the driver box 53 and the motor box 55.
[0102] The treatment section 54 similar to that shown

13 14 



EP 2 151 182 A1

9

5

10

15

20

25

30

35

40

45

50

55

in Fig. 1 is provided at the distal end of the thin and elon-
gated flexible shaft section of the treatment instrument
main body 51. However, in the present embodiment, the
treatment section 54 is configured such that cup pieces
are independently rotated around respective joint shafts
(for the purpose of description, denoted by reference
characters 11a and 11d).
[0103] Further, the respective joint shafts 11i are con-
nected to a power section in the motor box 55 via the
wires 12i. In the motor box 55, there are incorporated
components of the treatment section driving section 5
including the motors 14a to 14c shown in Fig. 2. Also,
there are additionally incorporated a motor 14d, an en-
coder 15d, and a tension sensor 17d in correspondence
with that the joint shaft 11d is further added.
[0104] On the other hand, the instruction input section
52 is configured such that in the instruction input section
2 shown in Fig. 2, the motors 14a’ to 14c’ and the encod-
ers 15a’ to 15c’ are provided in the instruction input sec-
tion 52. Further, a motor 14d’ and an encoder 15d’ are
additionally provided in correspondence with a joint shaft
11d’ which is provided so as to correspond to the addition
of the joint shaft 11d.
[0105] That is, the motors 14i’ and the encoders 15i’
are directly attached to the respective joint shafts which
configure the instruction input section 52.
[0106] For this reason, in the present embodiment, the
wires 12a’ to 12c’ in embodiment 1 are not used in the
instruction input section 52. Further, the present embod-
iment is configured such that the motor drivers 16a’ to
16c’ shown in Fig. 2, and the motor driver 16d’ are housed
in the driver box 53.
[0107] Further, the control apparatus 56 has the same
configuration as that of the control section 6, for example,
shown in Fig. 2, and the control apparatus 56 is connect-
ed to the driver box 53 and the motor box 55 by cables,
respectively.
[0108] Also, in the present embodiment, the instruction
input section 52 is formed into a shape which simulates
the treatment section 54, and is more specifically formed
into a shape which is similar to and larger than the shape
of the treatment section 54. However, in the exemplary
configuration shown in Fig. 10, the shape of the instruc-
tion input section 52 is slightly different from the shape
of the treatment section 54 in that the motor 14i’ and
encoder 15i’ are projectingly provided.
[0109] In order to make the shape of the instruction
input section 52 more similar to the shape of the treatment
section 54, the present embodiment may also be config-
ured such that, as in embodiment 1, the joint shafts of
the instruction input section 52 are driven via wires sim-
ilarly to the treatment section 54 without providing the
motors 14i’ and the encoders 15i’ in the instruction input
section 52.
[0110] In the present embodiment, treatment of a treat-
ment object part, such as a lesion part in a body cavity,
which part is observed by the endoscope 32, is performed
by the treatment section 54, which is inserted in the chan-

nel of the endoscope 32 so as to project from the distal
end opening of the channel.
[0111] In this case, by operating the instruction input
section 52 having the shape similar to that of the treat-
ment section 54, the surgeon as the operator is able to
make the treatment section 54 follow the operational at-
titude of the instruction input section 52. For this reason,
the treatment can be performed in a state of good oper-
ability.
[0112] Note that the control apparatus 56 performs the
same control as that in the case of embodiment 1. For
example, the control apparatus 56 performs the control
shown in Fig. 4, and the like. According to the present
embodiment, the operator is able to perform treatment
to a lesion part, and the like, in a body cavity in a state
of good operability.
[0113] Further, similarly to the case of embodiment 1,
an unintended movement can be suppressed by the con-
trol operation shown in Fig. 4, and thereby the operability
can be improved.
[0114] Fig. 11 shows a treatment instrument system
1C as a modification. In the treatment instrument system
1C as the modification, instead of the treatment section
54 shown in Fig. 10, there is adopted, for example, a
treatment section 54C having an L-shaped distal end
treatment section having two joint shafts. Further, the
treatment instrument system 1C is configured such that
the master structure simulating the treatment section 54
is not used in the instruction input section 52, and that
there is adopted a joystick apparatus 52C which is not
similar to the treatment section 54C and which includes
a joystick 58 as a stick that can be tilted in a plurality of
different directions.
[0115] Further, in the instruction input operations per-
formed by tilting the joystick 58 in the joystick apparatus
52C, the instruction input operation to tilt the joystick 58,
for example, in the vertical direction corresponds to the
rotation of the treatment section 54C around the joint
shaft 11a, and the instruction input operation to tilt the
joystick 58, for example, in the left and right direction
corresponds to the rotation of the treatment section 54C
around the joint shaft 11b. Note that in the exemplary
configuration shown in Fig. 11, the function of the driver
box 53 shown in Fig. 10 is incorporated in the joystick
apparatus 52C or in a control apparatus 56C shown in
Fig. 11.
[0116] Fig. 12 shows a specific configuration of the
treatment section 54C. The joint pieces 11, 11 and 11,
which are adjacent to each other, are connected to each
other by joint shafts 11a and 11b, such as rivets, so as
to be freely rotated in the directions perpendicular to each
other. The wire 12a which is inserted into the joint piece
11 and which is used to rotate the joint shaft 11a in one
direction (to substantially the lower side of the paper sur-
face in Fig. 12) is fixed at a cutout section of the joint
piece 11 in front of the joint shaft 11a. The wire 12a (not
shown) which is used to rotate the joint shaft 11a in the
reverse direction (to substantially the upper side of the
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paper surface in Fig. 12) is similarly fixed.
[0117] Similarly, the wire 12b which is used to rotate
the joint shaft 11b in one direction (to substantially the
upper side in the direction perpendicular to the paper
surface in Fig. 12) is fixed at a cutout section in the joint
piece 11 in front of the joint shaft 11b. The wire 12b (not
shown) which is used to rotate the joint shaft 11b in the
reverse direction is similarly fixed.
[0118] In the modification, for example, the numbers
of the motors and the encoders in a motor box 55C are
respectively reduced from four to two. Further, the
number of the tension sensors is reduced from eight to
four.
[0119] The numbers of the motors and the encoders
on the side of the joystick apparatus 52C are the same
as the numbers on the side of the motor box 55C.
[0120] The other configuration is the same as the con-
figuration in embodiment 2. In the present modification,
by the tilting operation of the joystick 58, the treatment
section 54C can be controlled to be set in the attitude
state corresponding to the tilting operation of the joystick
58.
[0121] The effect of the present modification is sub-
stantially the same as the effect of embodiment 2 or em-
bodiment 1.

(Embodiment 3)

[0122] Next, there will be described embodiment 3 ac-
cording to the present invention with reference to Fig. 13.
Fig. 13 shows an endoscope system 61 of embodiment
3 according to the present invention. In embodiment 2,
there is adopted the endoscope 32 in which the bending
section 42 is manually bent by the operator performing
the operation of manually rotating the bending knob 44.
[0123] On the other hand, the present embodiment in-
cludes an electric bending endoscope in which, when the
operator performs an (instruction input) operation to tilt
the joystick apparatus, the bending section 42 is electri-
cally (actively) driven by using a power section (driving
section).
[0124] The endoscope system 61 includes an electric
bending endoscope (hereinafter simply referred to as en-
doscope) 32D, a light source apparatus 37 which sup-
plies illumination light to the endoscope 32D, a video
processor 38 as a signal processing apparatus which
performs signal processing to an image pickup device of
the endoscope 32D, and a display monitor 39 which dis-
plays a video signal outputted from the video processor
38.
[0125] Further, the endoscope 32D includes, similarly
to the endoscope 32 shown in Fig. 10, the insertion sec-
tion 33, the operation section 34, and the universal cable
35. The insertion section 33 includes the distal end sec-
tion 41, the bending section 42, and the flexible section
43.
[0126] Further, the insertion port 45 is provided at the
front end of the operation section 34. The insertion port

45 communicates with a channel 60 provided in the lon-
gitudinal direction of the insertion section 33. The oper-
ator is able to insert, from the insertion port 45, for ex-
ample, the treatment instrument main body 51 which has
the treatment section 54C and which forms the treatment
instrument system 1C shown in Fig. 11.
[0127] Note that the operator is also able to perform
treatment by inserting, into the insertion port 45, the treat-
ment instrument system 1B as described with reference
to Fig. 10 instead of the treatment instrument system 1C.
Further, the operator is also able to perform treatment
by inserting, into the insertion port 45, a treatment instru-
ment (not shown) without the power section.
[0128] Further, the endoscope system 61 includes a
joystick apparatus 63 having a joystick 62 which is used
to perform a bending instruction input operation, a motor
box (or motor unit) 64 which is provided, for example, in
the operation section 34, and which serves as the power
section to drive and bend the bending section 42 forming
the active medical apparatus in the present embodiment,
a driver box 65 which drives motors as the power section
in the motor box 64, and a control apparatus 66 which
performs bending control of the bending section 42.
[0129] The illumination light from the light source ap-
paratus 37 to which the connector provided at the end
section of the universal cable 35 is detachably connect-
ed, is supplied to a light guide 71 of the endoscope 32D.
The illumination light is emitted from the distal end sur-
face of the light guide 71.
[0130] An objective lens 72 attached to an observation
window forms an optical image of a subject, such as a
diseased part, illuminated by the illumination light. A
charge coupled device (hereinafter abbreviated as CCD)
73 is arranged at the position where the optical image of
the subject is formed. The CCD 73 is connected to a CCD
drive circuit 74 and a video processing circuit 75 in the
video processor 38 via signal lines.
[0131] The CCD drive circuit 74 applies a CCD drive
signal to the CCD 73, so as to enable an image pickup
signal, which is subjected to photoelectric conversion by
the CCD 73, to be outputted from the CCD 73. The image
pickup signal outputted from the CCD 73 is converted
into a video signal by signal processing performed by the
video processing circuit 75. Then, the optical image
formed in the CCD 73 is displayed as an endoscopic
image in an endoscopic image display area 39a in the
display surface of the display monitor 39 into which the
video signal is inputted.
[0132] Further, in the bending section 42, a plurality of
joint pieces or bending pieces 76, which are adjacent to
each other, are rotatably connected to each other by riv-
ets 77 serving as joint shafts (rotary shafts). Note that in
Fig. 13, for the sake of simplicity, there are shown rivets
77 which can be freely rotated only in the direction per-
pendicular to the paper surface, but in practice, the bend-
ing pieces 76, which are adjacent to each other in the
longitudinal direction, are connected to each other by the
rivets 77 so as to be freely rotated alternately in the ver-
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tical direction and in the left and right direction.
[0133] Further, the distal ends of pairs of bending wires
78u, 78d; 781, 78r, which pairs are inserted in the inser-
tion section 33 so as to be respectively arranged in the
vertical direction and the right and left direction, are fixed
to the most distal end bending piece 76 or the distal end
section 41. The rear ends of the bending wires 78u and
78d and the rear ends of the bending wires 781 and 78r
are respectively fixed in such a manner of being hooked
to a vertical bending pulley 79a and a left and right bend-
ing pulley 79b.
[0134] The pulleys 79a and 79b are rotatably connect-
ed to rotary shafts of motors 81a and 81b as the power
section, respectively. Encoders 82a and 82b are con-
nected to the rotary shafts of the motors 81a and 81b,
respectively. The encoders 82a and 82b detect the an-
gles of rotation of the motors 81a and 81b, respectively.
[0135] Further, tension sensors 83a, 83a; 83b, 83b,
which respectively detect tension acting on the bending
wires 78u, 78d; 781, 78r, are respectively attached to the
bending wires in front of the pulleys 79a and 79b. The
motors 81a and 81b, which drive and bend the bending
section 42, are respectively connected to motor drivers
84a and 84b, so as to be rotated by receiving motor drive
signals from the motor drivers 84a and 84b.
[0136] Further, the motor drivers 84a and 84b are con-
nected to a CPU 85 which configures the control appa-
ratus 66. The CPU 85 controls bending operations, such
as a control operation of the motor drivers 84a and 84b.
[0137] Further, the detection signals of the encoders
82a and 82b and the detection signals of the tension sen-
sors 83a to 83b are also inputted into the CPU 85.
[0138] Note that in the present embodiment, there are
provided the encoders 82a and 82b as position sensors
for detecting the position information on the side of the
bending section 42, and the tension sensors 83a and 83b
as force sensors for detecting the force information. How-
ever, when the force information can be calculated by
the position sensors, the present embodiment may also
be configured by providing only the position sensors.
[0139] Further, in the joystick apparatus 63, a rotary
shaft of a motor 81a’ as a power section is connected to
a roller 86a which supports the proximal end section of
the joystick 62 rotatably in the vertical direction. Further,
an encoder 82a’ is connected to the rotary shaft of the
motor 81a’. The encoder 82a’ detects a tilting angle (in
other words, the angle of rotation of the motor 81a’) in
the vertical direction of the joystick 62.
[0140] Similarly, a rotary shaft of a motor 81b’ as a
power section is connected to a roller 86b which supports
the proximal end section of the joystick 62 rotatably in
the left and right direction. Further, an encoder 82b’ is
connected to the rotary shaft of the motor 81b’. The en-
coder 82b’ detects a tilting angle (in other words, the an-
gle of rotation of the motor 81b’) in the right and left di-
rection of the joystick 62.
[0141] Further, the motors 81a’ and 81b’ are respec-
tively connected to the motor drivers 84a’ and 84b’, and

the operations of the motor drivers 84a’ and 84b’ are
controlled by the CPU 85. The detection signals of the
encoders 82a’ and 82b’ are inputted into the CPU 85.
[0142] The CPU 85 performs a bending control oper-
ation according to a program in a built-in flash memory
85a.
[0143] The bending control operation is based, for ex-
ample, on the control mode of the force reflecting type
bilateral control system as shown in Fig. 14, and is the
same as the control mode of the force reflecting type
bilateral control system shown in Fig. 3.
[0144] That is, the control contents shown in Fig. 14
are made to be the same as the control contents shown
in Fig. 3 in such a way that the instruction input section
2 in Fig. 3 is replaced by the joystick 62, that the instruc-
tion input section control section 3’ is similarly replaced
by a joystick control section 93 as a control section which
includes the power section of the joystick 62, that the
treatment section 4 is replaced by the bending section
42, and that the treatment section control section 5’ is
replaced by a bending section control section 95 as a
control section which includes the power section of the
bending section 42. For this reason, the control mode in
Fig. 14 is represented by using the position information
Xm and Xs, and the force information Fs which are the
same as those in Fig. 3.
[0145] Further, according to the program, the CPU 85
has a function of a determining section 85b which nor-
mally monitors, for each fixed period, whether or not there
is generated a state where the direction of the driving
force acting on the joystick 62 coincides with the moving
(tilting) direction of the joystick 62, and which, when such
state is generated, determines whether or not the amount
of the movement (movement amount) exceeds a thresh-
old value.
[0146] In other words, the determining section 85b de-
termines whether or not the movement of the joystick is
generated in an amount exceeding the predetermined
threshold value in the acting direction of the driving force
driving the joystick 62.
[0147] In the case where it is determined by the deter-
mining section 85b that the movement amount exceeds
the threshold value, the state is displayed and presented
to the operator or the like in the display section (as a
presentation section of the determination information) of
an operation panel 89 of the control apparatus 66.
[0148] Further, in the present embodiment, the CPU
85 sends the information about the state of bending con-
trol to the video processing circuit 75 of the video proc-
essor 38, so as to superpose the information on a video
signal. Further, information of the operating control
mode, and the like, is displayed in a bending control in-
formation display area 39b in the display monitor 39 to-
gether with a display of the following determination infor-
mation.
[0149] As described above, in the case where it is de-
termined by the determining section 85b that the move-
ment amount exceeds the threshold value, the CPU 85
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displays, in the bending control information display area
39b, the content that the movement amount has exceed-
ed the threshold value, the content that the control mode
is changed to a control mode different from the control
mode at the normal time according to the determination
result, and the like.
[0150] The information on the determination result by
the determining section 85b, and the like, is displayed
immediately near the endoscopic image, and thereby the
operator is able to promptly know the information.
[0151] Note that in the present embodiment, the CPU
85, which performs the control operation of the control
mode of the force reflecting type bilateral control shown
in Fig. 14 at the normal time, has the control mode chang-
ing function to change the control mode to the other con-
trol mode on the basis of the determination result that
the movement amount exceeds the threshold value, and
also has the function of a control parameter setting sec-
tion 85c which changes and sets control parameters for
rotationally driving the motors 81a, 81b and 81a’, 81b’
that configure the power sections.
[0152] Among the control parameters after it is deter-
mined that the movement amount exceeds the threshold
value, response speed control parameters are changed,
for example, to reduce the response speed to be lower
than the speed before the determination, and thereby an
unintended operation is suppressed.
[0153] In addition, the control parameters related to
the magnitude of the driving force may also be changed
so as to reduce the driving force. It may be configured
such that the function of the control parameter setting
section 85c is also provided in embodiment 1, and the
like.
[0154] Note that, in the present embodiment, there is
provided in the control apparatus 66 a threshold setting
section 90a used for variably setting the threshold value
of the movement amount, which value is used for the
determination by the determining section 85b. Also, the
present embodiment is configured such that when the
operator operates the threshold setting section 90a, the
standard threshold value, for example, can be changed
and set to a value desired by the operator, so as to be
used.
[0155] Further, in the control apparatus 66, there is
provided a driving force setting section 90b which is used
so that the driving force for driving the joystick 62 is ad-
justed at the time when the information of force acting on
the bending section 42 is fed back to the joystick 62 to
drive the joystick 62. The driving force setting section 90b
outputs a coefficient K as will be described below to the
CPU 85. On the basis of the coefficient K, the CPU 85
adjusts the driving force applied to the joystick 62 as the
instruction input section.
[0156] For example, when, as shown in Fig. 14, the
force information Fs is fed back from the bending section
42 and inputted into the CPU 85 of the control apparatus
66 which configures the joystick control section 93, the
CPU 85 normally drives the joystick 62 as the instruction

input section by driving force Fs’ corresponding to the
force information Fs.
[0157] On the other hand, when the driving force set-
ting section 90b is operated by the operator, the joystick
62 is driven by driving force K·Fs’ obtained by multiplying
the force information Fs by the coefficient K which can
be variably set. Note that the coefficient K is set, for ex-
ample, as 0 < K < 10.
[0158] The operator is able to use the joystick 62 by
setting the coefficient K to a value with which the force
fed back to the joystick 62 is set to a magnitude to be
easily felt by the operator. Note that the threshold setting
section 90a and the driving force setting section 90b may
be applied to the other embodiment.
[0159] Further, an acceleration sensor (not shown) is
provided in the control apparatus 66. In the case where
an impact of a predetermined value or more is applied
to the control apparatus 66, or where an impact of a pre-
determined value or more is applied to the endoscope
32D, the light source apparatus 37, the video processor
38, the display monitor 39, and the like, which configure
the endoscope system 61, the CPU 85 stops the opera-
tions of the power sections which actively drive the bend-
ing section 42 and the joystick 62, and stops the supply
of the electric power to the respective sections.
[0160] The operation in the present embodiment is re-
alized by the processing procedure as shown in Fig. 15.
The contents of the processing procedure shown in Fig.
15 are almost the same as the contents of the processing
procedure shown in Fig. 4 in the case where the compo-
nents in Fig. 15 are replaced by the corresponding com-
ponents in Fig. 4.
[0161] That is, when the power source of the endo-
scope system 61 in Fig. 13 is turned on, the endoscope
system 61 starts the control operation in the predeter-
mined control system, as shown in step S21. Specifically,
the CPU 85 starts the control operation based on the
control mode of the force reflecting type bilateral control
system shown in Fig. 14.
[0162] In next step S22, the CPU 85 is set in the state
of waiting for detection signals of the tension sensors 83
a to 83d which indicate whether or not a force acts on
the bending section 42 (or on the rivet 77 as the joint
shaft of the bending section 42).
[0163] Then, when the action of the force is detected,
the CPU 85 supplies, as shown in step S23, a current
command value corresponding to the force to the motor
driver 84k’ (k = a or b). Here, k corresponds to the de-
tection signal of the tension sensors 81a and 81b. Fur-
ther, the current command value is set to include the
direction of rotation of the motor 8 1 k’.
[0164] Then, as shown in step S24, the force corre-
sponding to the bending direction of the bending section
42 is applied to (the roller 86k of) the joystick 62 by the
motor 8 1 k’ driven by the motor driver 84k’.
[0165] Further, as shown in step S25, the CPU 85 mon-
itors the movement amount (amount of tilting movement)
of the joystick 62 on the basis of the detection signal of
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the encoder 82k’.
[0166] Then, as shown in step S26, the CPU 85 deter-
mines whether or not the direction of the force applied to
the joystick 62 coincides with the direction of the (tilting)
movement of the joystick 62 (which is detected in the
preceding step S24). When the direction of the force ap-
plied to the joystick 62 is not coincident with the direction
of the movement of the joystick 62, the CPU 85 returns
to step S22.
[0167] On the other hand, when it is determined that
the direction of the force applied to the joystick 62 coin-
cides with the direction of the movement of the joystick
62, the CPU 85 determines, in next step S27, whether
or not the movement amount exceeds the predetermined
threshold value.
[0168] When the movement amount does not exceed
the predetermined threshold value, the CPU 85 returns
to step S22. On the contrary, when determining that the
movement amount exceeds the predetermined threshold
value, the CPU 85 suppresses, in next step S28, the op-
eration of the power section in the control system, or
changes the control mode to the other control mode. Note
that it may also be configured such that the CPU 85 sup-
presses the operation of the power section by changing
the control parameter.
[0169] Specifically, as the processing in step S28, the
CPU 85 stops the operation of both the power sections
of the motors 81 k’ and 81 k, or stops the operation of at
least one of the power sections of the motors 81k’ and
81k. Alternatively, in the case where the control system
before the determination is the force reflecting type bilat-
eral control system as shown in Fig. 14, the CPU 85 may
change the control mode of the force reflecting type bi-
lateral control system to the control mode of the unilateral
control system as shown in Fig. 5. Alternatively, the CPU
85 changes the control parameter.
[0170] Further, in this case, the CPU 85 displays the
determination result in step S27 or the information in step
S28 in the display section of the operation panel 89 and
the bending control information display area 39b of the
display monitor 39, so as to notify the determination result
or the information to the operator.
[0171] Further, in next step S29, the CPU 85 is set in
the state of waiting for the elapse of the predetermined
time on the basis of the timer started by the determination
result.
[0172] Then, when the predetermined time elapses,
the CPU 85 performs, as shown in step S30, the process-
ing to return the control state to the state of the first control
system, and returns to step S22.
[0173] According to the present embodiment, in such
a case where the operator grasps the joystick 62 and
performs a bending instruction operation (bending input
operation) of the bending section 42, it is possible to ef-
fectively prevent an operation which is not intended by
the operator.
[0174] Further, it is possible that the control state is
returned to the normal control state after the predeter-

mined time, and thereby an endoscope examination,
treatment, and the like, can be continued in a state of
good operability.
[0175] Note that the case of the endoscope 32D which
has the bending section 42 and which functions as an
active medical apparatus is described as embodiment 3,
but embodiment 3 can be applied to the case other than
the case of the endoscope 32D.
[0176] Specifically, embodiment 3 can be similarly ap-
plied in the case where an active overtube is formed by
providing, as shown in Fig. 13, the electrically driven
bending section 42 in a thin and long insertion auxiliary
member or insertion guide member (so-called overtube),
which has a channel in which one of the treatment instru-
ments 1B to 1C can be inserted, or a channel in which
the insertion section 33 of the endoscopes 32 and 32D
can be inserted, and where the bending section 42 is
electrically driven and controlled as described in embod-
iment 3.
[0177] Note that an embodiment, and the like, config-
ured by partially combining the above described embod-
iments is also included within the scope of the present
invention.
[0178] Further, it may also be configured such that in
such a case where a plurality of kinds of medical appa-
ratuses are connected to the control apparatus 66, opti-
mum control parameters are automatically set or select-
ed according to a combination and kinds of the medical
apparatuses connected to the control apparatus 66.

Claims

1. An active medical apparatus system comprising:

an active medical apparatus including at least
one rotatable joint;
an active medical apparatus driving section
which electrically drives the active medical ap-
paratus;
an instruction input section with which an oper-
ator performs instruction input to drive the active
medical apparatus;
an instruction input section driving section to
which information of a force acting on the active
medical apparatus is fed back and inputted, and
which electrically drives the instruction input
section according to the information of the force;
a determining section which determines wheth-
er or not a movement of the instruction input
section in an acting direction of a driving force
driving the instruction input section is generated
in an amount of a predetermined threshold value
or more; and
a control section which, in a case where it is
determined by the determining section that the
movement of the instruction input section is gen-
erated in the amount of the predetermined
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threshold value or more, suppresses a driving
of at least one of the instruction input section
driving section and the active medical apparatus
driving section.

2. The active medical apparatus system according to
claim 1, further comprising:

a bending section formed by including a plurality
of the joints; and
an electric bending endoscope or an active over-
tube, each of which electrically drives and bends
the bending section, or an active treatment in-
strument which electrically curves or bends the
joints.

3. The active medical apparatus system according to
claim 1,
wherein the instruction input section is a tiltably mov-
able joystick.

4. The active medical apparatus system according to
claim 1,
wherein the instruction input section has a shape
substantially similar to a shape of the active medical
apparatus.

5. The active medical apparatus system according to
claim 1,
wherein in a case where the determination result is
obtained by the determining section, the control sec-
tion changes a control mode by which the driving of
the instruction input section driving section and of
the active medical apparatus driving section is con-
trolled, from the control mode before the determina-
tion result.

6. The active medical apparatus system according to
claim 2,
wherein in a case where the determination result is
obtained by the determining section, the control sec-
tion changes a control mode, by which the driving of
the instruction input section driving section and of
the active medical apparatus driving section is con-
trolled, from the control mode before the determina-
tion result.

7. The active medical apparatus system according to
claim 5,
wherein in a case where the determination result is
obtained by the determining section, the control sec-
tion changes from the control mode in which the force
information before the determination result is fed
back, to the control mode in which the force informa-
tion is not fed back after the determination result.

8. The active medical apparatus system according to
claim 7,

wherein the control mode of feeding back the force
information is a force reflecting type bilateral control
mode or a force feedback type bilateral control mode.

9. The active medical apparatus system according to
claim 1,
wherein in a case where the determination result is
obtained by the determining section, the control sec-
tion changes a control parameter used for driving
the instruction input section driving section and the
active medical apparatus driving section.

10. The active medical apparatus system according to
claim 2,
wherein in a case where the determination result is
obtained by the determining section, the control sec-
tion changes a control parameter which is used for
driving the instruction input section by the instruction
input section driving section, or a control parameter
which is used for driving the active medical appara-
tus by the active medical apparatus driving section.

11. The active medical apparatus system according to
claim 10,
wherein in a case where the determination result is
obtained by the determining section, the control sec-
tion changes the control parameter so as to suppress
the driving of at least one of the instruction input sec-
tion and the active medical apparatus.

12. The active medical apparatus system according to
claim 1,
wherein the control section further cancels the sup-
pression after the elapse of a predetermined time
from when the determination result is obtained by
the determining section.

13. The active medical apparatus system according to
claim 1,
further comprising a presentation section which
presents information determined by the determining
section.

14. The active medical apparatus system according to
claim 1,
further comprising a display section which in a case
where the control mode is changed, displays the
changed control mode.

15. The active medical apparatus system according to
claim 1,
wherein the active medical apparatus is configured
by using a first joint and a second joint as the joint,
wherein the instruction input section has a first in-
struction input section and a second instruction input
section which respectively drive the first joint and the
second joint, and wherein the first instruction input
section and the second instruction input section are
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respectively driven by a first driving force and a sec-
ond driving force which respectively correspond to
information of forces respectively applied to the first
joint and the second joint by the instruction input sec-
tion driving section.

16. The active medical apparatus system according to
claim 15,
wherein the determining section respectively deter-
mines whether or not the movement of the first in-
struction input section in the acting direction of the
first driving force acting on the first instruction input
section is generated in an amount of a predeter-
mined threshold value or more, and whether or not
the movement of the second instruction input section
in the acting direction of the second driving force
acting on the second instruction input section is gen-
erated in an amount of a predetermined threshold
value or more.

17. The active medical apparatus system according to
claim 1, further comprising:

an electric bending endoscope which electrically
drives and bends a bending section formed by
including a plurality of joints; and
a signal processing apparatus which performs
signal processing to an image picked up by an
image pickup device provided in the electric
bending endoscope.

18. The active medical apparatus system according to
claim 17, further comprising
a display monitor which displays an endoscopic im-
age generated by the signal processing by the signal
processing apparatus,
wherein the display monitor presents information de-
termined by the determining section.

19. The active medical apparatus system according to
claim 1, further comprising
a driving force setting section which variably sets,
on the basis of the force information, a magnitude of
the driving force for electrically driving the instruction
input section.

20. The active medical apparatus system according to
claim 1, further comprising a threshold setting sec-
tion which variably sets the threshold value.
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